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(57) ABSTRACT 

Light sources emit irradiation lights respectively, so that 
edge parts of mutual irradiation areas (inspection areas) are 
superposed one another. The imaging apparatus receives 
regular re?ection lights and generates tWo images corre 
sponding to each of the light sources. A main control part 
combines tWo images and determines presence/ absence of a 
defect. By irradiating an inspected surface A With the 
irradiation lights from mutually different directions, a posi 
tion of an area shoWing the defect in each image is slightly 
deviated. Therefore, even if a dimension of an area shoWing 
the defect is small in each image, by superposing tWo images 
one another, the dimension of the area shoWing a defect part 
becomes large in the image after composition. Thus, an 
accuracy of defect detection on the edge part of the inspec 
tion area can be improved. 

PA.PB m 

I 
I I f 30 

A A Defect recognition part 

I r 35 

1A- E . 
: L|ght source control part 

LB2-~1~__i ,1" 1B 

LA2~ E LBt 

LA1~~4 > 5 



Patent Application Publication Sep. 13, 2007 Sheet 1 0f 14 US 2007/0211242 A1 

Fig. 1 
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Fig. 2 
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Fig. 4 
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Fig. 6 

Examples of inspection image 

When one light source is provided When a plurality of light sources are provided 

Distinction from white noise is impossible Distinction from white noise is impossible 



Patent Application Publication Sep. 13, 2007 Sheet 7 0f 14 US 2007/0211242 A1 

Fig.7 
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Fig. 9 
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Fig. 10 
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Fig. 11 
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DEFECT INSPECTION APPARATUS AND 
DEFECT INSPECTION METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to a technique of 
inspecting Whether or not a defect is produced on a surface 
of a Work, and particularly relates to a technique of inspect 
ing in the vicinity of an edge part of an inspection area. 
[0003] 2. Description of the Related Art 
[0004] In recent years, a case of a cellular phone and a 
home electric appliance, etc, having a structure that a 
coating layer is formed by a transparent resin on the surface 
of a main body, has been used. In such a case, the main body 
part is generally formed by resin, etc, and is colored in a 
predetermined color. By forming the aforementioned coat 
ing layer on the surface of this main body part, gloss and a 
change of color are generated on the surface, and a com 
modity value is thereby improved. 
[0005] In a plant Where a molding body having the afore 
mentioned coating layer is manufactured, Whether or not 
irregularity is generated on the surface of the coating layer 
is inspected. A visual observation for defect inspection by a 
Worker of a job site has been conventionally performed. 
HoWever, along With a diversi?cation and a mass-production 
of a product using this type of case, a load of a Worker is 
increased, and time required for the inspection is also 
enormous. Therefore, in order to solve such problems, an 
attempt is made to automatically perform a defect inspec 
tion. 
[0006] FIG. 10 shoWs a schematic vieW of a structure of 
a conventional defect inspection apparatus. In FIG. 10, a 
defect inspection apparatus 110 includes an imaging appa 
ratus 112, a main control part 113, and a light source not 
shoWn. The light source emits irradiation light L1 toWard an 
inspected surface A of a Work W. The irradiation light L1 is 
regularly re?ected on the inspected surface A of the Work W. 
Thus, a regular re?ection light L2 is generated. Note that a 
“regular re?ection” refers to a phenomenon that light is 
re?ected at an angle equal to an incident angle. 
[0007] The Work W is an inspection object having gloss, 
and for example, is a metal or a resin, etc, formed With a 
layer of a transparent material on the surface. Generally, a 
level of the gloss on the surface of an object is determined 
by the level of a regular re?ection light component. Namely, 
“the Work W has gloss” means “the light is re?ected 
regularly on the surface of the Work W”. 
[0008] An arrangement of the light source not shoWn, the 
imaging apparatus 112, and the Work W are previously 
adjusted so that the imaging apparatus 112 can receive a 
regular re?ection light L2. The regular re?ection light L2 is 
collected once by a lens 121. The imaging element provided 
inside of the imaging apparatus 112 receives the regular 
re?ection light thus collected and generates image data. 
[0009] Here, When a normal part out of the inspected 
surface A is irradiated With the irradiation light L1, the 
regular re?ection light L2 from the normal part is incident on 
the lens 121. HoWever, the regular re?ection light L2 
re?ected regularly on a defect D is not incident on the lens 
121. Accordingly, in an image imaged by the imaging 
apparatus 112, an area corresponding to the defect D is 
darker than the area corresponding to the normal part. 
[0010] The aforementioned principle is established even 
When the defect D of FIG. 10 is a recessed defect. Therefore, 
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the area corresponding to the recessed defect is darker than 
its peripheral part on an image. In this Way, by using a 
lightness difference on the image, presence or absence of 
irregularity defects on the inspected surface can be auto 
matically inspected. 
[0011] FIG. 11 schematically shoWs a vieW of the inspec 
tion of the irregularity defects by the main control part 113 
of FIG. 10. 
[0012] In FIG. 11, the main control part 113 receives an 
inspection image IMG1 from the imaging apparatus 112. 
The main control part 113 compares the inspection image 
IMG1 and a previously stored model image IMG2. The 
inspection image IMG1 includes defect areas DA and DB 
having lightness difference from the peripheral part (namely, 
darker than the peripheral part). The model image IMG2 is 
the image obtained by previously imaging the inspected 
surface Without the irregularity defects by the imaging 
apparatus 112. Therefore, no area causing the lightness 
difference from the peripheral part exists in the model image 
IMG2. The main control part 113 compares the inspection 
image IMG1 and the model image IMG2. The main control 
part 113 determines that the defect exists on the inspected 
surface A of FIG. 10, by an existence of the defect areas DA 
and DB. 
[0013] Generally, the surface of the Work is a curved 
surface in many cases. When a method as shoWn in FIG. 10 
and FIG. 11 is simply applied to the defect inspection on the 
curved surface, the problem arises as Will be described 
hereafter. 
[0014] FIG. 12 shoWs a vieW explaining the problem 
generated in the inspection by the defect inspection appa 
ratus 110 of FIG. 10, When the inspected surface is the 
curved surface. 
[0015] In FIG. 12, the inspected surface A is the curved 
surface, and therefore a part (inclined part), into Which the 
irradiation light L1 is made incident, exists on the inspected 
surface A. The regular re?ection light L2 from this inclined 
part does not enter the lens 121. Therefore, When the 
inspected surface A is the curved surface, the inspection area 
becomes narroWer than a case of a ?at surface. 

[0016] TWo examples are shoWn hereunder, out of the 
conventional methods of solving such a problem. 
[0017] FIG. 13 shoWs a vieW explaining the method 
capable of securing a Wide inspection area When the 
inspected surface is the curved surface. 
[0018] In FIG. 13, the light source 101 is set so that its 
irradiation surface becomes larger as much as possible (for 
example, larger than the surface of the lens 121), to secure 
an appropriate siZed inspection area. By increasing a light 
emitting area of the light source 101, the inspection area, 
namely, the irradiation area can be made larger on the 
inspected surface A. When the light source 101 is a light 
emitting element such as an LED (Light Emitting Diode), 
the light emitting area can be increased by increasing the 
number of light emitting elements. 
[0019] HoWever, in a case of the method as shoWn in FIG. 
13, the irradiation light L1 is made incident on the defect D 
from various directions. Thus, there is a possibility that the 
regular re?ection light L2 from the defect D is partially 
incident on the lens 121. Such a light is called “noise light” 
hereafter. 
[0020] When the noise light enters the imaging apparatus, 
the lightness difference between the normal part and a defect 
part becomes small on the inspection image. Namely, When 
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the inspected surface is the curved surface, a problem 
involved therein is that a detection accuracy of the defect is 
deteriorated When the light source is made large to Widen the 
inspection area. 
[0021] Japanese Patent Application Laid-Open No. 
11-23243 discloses an example of the inspection apparatus 
capable of solving the problem as shoWn in FIG. 13. In this 
inspection apparatus, a plurality of light sources capable of 
adjusting an intensity of light is used. 
[0022] In the aforementioned inspection apparatus, ?rst, 
an optical axis angle of the light source and the intensity of 
light are adjusted based on a previously detected curvature 
of the surface. Next, the inspection apparatus causes a 
plurality of light sources to emit light sequentially, and 
performs defect inspection for the inspection area corre 
sponding to each light source. By performing the defect 
inspection of a plurality of areas irradiated With the light 
emitted from the plurality of light sources, the aforemen 
tioned inspection apparatus can Widen the inspection area. In 
addition, by di?ferentiating a light emitting timing, genera 
tion of the noise light can be prevented. 
[0023] FIG. 14 shoWs a vieW explaining the problem of 
the inspection method disclosed in Japanese Patent Appli 
cation Laid-Open No. 11-23243. 
[0024] In FIG. 14, irradiation areas A1 and A2 on the 
inspected surface A are the areas irradiated With the light 
from tWo light sources not shoWn. The irradiation areas A1 
and A2 are provided, so that edge parts of them are brought 
into contact With each other at X-axial position X2. X-axial 
position X1 and X-axial position X3 shoW the position of a 
center part of the irradiation areas A1 and A2, respectively. 
[0025] In a graph of FIG. 14, the horiZontal axis shoWs the 
position on the axis “a” parallel to the X-axis, and the 
vertical axis shoWs the intensity of the regular re?ection 
light Which is made incident on the imaging apparatus. A 
curve B1 in the graph shoWs a change of the intensity of the 
regular re?ection light that is made incident on the imaging 
apparatus from the light source for emitting the light to the 
irradiation area A1, and a curve B2 of the graph shoWs the 
change of the intensity of the regular re?ection light that is 
made incident on the imaging apparatus from the light 
source for emitting the light to the irradiation area A2. In 
both of the inspection areas, the intensity of the regular 
re?ection light that is made incident on the imaging appa 
ratus is more decreased on the edge part than in the center 
portion. 
[0026] FIG. 15 shoWs a vieW explaining the defect detec 
tion on the edge part of the inspection area. 
[0027] In FIG. 15, When the defect exists at the position 
X3, being the center portion of the inspection area, the 
intensity of the regular re?ection light that is made incident 
on the imaging apparatus is decreased only by IA. In the 
center portion of the inspection area, the intensity of the 
regular re?ection light is large, and therefore an intensity 
di?ference IA is also large. Therefore, in the center portion, 
the detection accuracy of the defect is high. 
[0028] MeanWhile, at the position X2, being the edge part 
of the inspection area, the intensity itself of the regular 
re?ection light made incident on the imaging apparatus is 
small. By an existence of the defect D2 at the position X2, 
the intensity of the regular re?ection light made incident on 
the imaging apparatus is changed by IB. HoWever, intensity 
di?ference IB is smaller than the intensity di?ference IA. This 
shoWs that the lightness di?ference caused by the irregularity 
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defects is smaller on the edge part than in the center portion. 
Thus, the accuracy of the defect detection on the edge part 
of the inspection area is more decreased than that in the 
center portion of the inspection area. 
[0029] Even When the inspected surface of the Work is the 
?at surface, the detection accuracy of the defect is decreased 
on the edge part of the inspection area. This is because a siZe 
of the lens and the siZe of the light source of the imaging 
apparatus are limited. 
[0030] FIG. 16 shoWs a vieW explaining the light received 
by the imaging apparatus When the inspected surface of the 
Work is the ?at surface. 
[0031] In FIG. 16, the light emitted from the light source 
101 is focused on the Work W, and is re?ected by the Work 
W. The light that reaches the lens 121 from the Work W is 
collected by the lens 121 and reaches the imaging element 
122. In FIG. 16, for the convenience of understanding, the 
light source 101 is provided on the opposite side of the 
imaging apparatus 2, With respect to the Work W. 
[0032] When a pixel PX1 that exists in the center of the 
imaging element 122 vieWs the light source 101 through the 
lens 121, the siZe of a visual ?eld in the light source 101 is 
a Width W1 or less of the light source 101. Namely, the pixel 
PX1 can receive all irradiation lights L1 emitted from the 
light source 101. 
[0033] MeanWhile, When a pixel PX2 that exists on the 
edge part of the imaging element 122 vieWs the light source 
101 through the lens 121, only a part of the light source 101 
can be vieWed. If the Width of the light source 101 is W2, the 
pixel PX2 can receive all irradiation lights L2 emitted from 
the light source 101. HoWever, actually, the pixel PX2 can 
only partially receive the light emitted from the light source 
101. 
[0034] An object of the present invention is to provide the 
defect inspection apparatus and a defect inspection method 
capable of improving the accuracy of the defect inspection 
on the edge part of the inspection area. 

SUMMARY OF THE INVENTION 

[0035] The present invention is summarized as folloWs. 
[0036] There is provided a defect inspection apparatus that 
irradiates light to an inspection object having a surface With 
gloss and inspects Whether a defect is present or not on the 
surface of the inspection object based on re?ection of the 
irradiated light. The defect inspection apparatus includes an 
imaging apparatus, a ?rst light source, and a second light 
source. The imaging apparatus receives regular re?ection of 
?rst irradiation light on the surface of the inspection object 
and images the surface of the inspection object to generate 
a ?rst inspection image, and receives regular re?ection of 
second irradiation light on the surface of the inspection 
object and images the surface of the inspection object to 
generate a second inspection image. The ?rst light source 
emits the ?rst irradiation light, so that the regular re?ection 
on the surface of the inspection object is received by the 
imaging apparatus. The second light source emits the second 
irradiation light at an angle different from that of the ?rst 
irradiation light, so that the regular re?ection on the surface 
of the inspection object is received by the imaging appara 
tus. The ?rst and second light sources emit the ?rst and 
second irradiation lights, respectively, so that a ?rst regular 
re?ection area and a second regular re?ection area are 
superposed one another, the ?rst regular re?ection area 
being a range on the surface of the inspection object Where 
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the imaging apparatus can receive regular re?ection of the 
?rst irradiation light, and the second regular re?ection area 
being a range on the surface of the inspection object Where 
the imaging apparatus can receive regular re?ection of the 
second irradiation light. The defect inspection apparatus 
further includes a main control part that acquires the ?rst and 
second inspection images from the imaging apparatus, 
superposes the ?rst and second inspection images one 
another, and determines Whether a defect is present or not on 
the surface of the inspection object, the defect appearing as 
either convex or concave With respect to a periphery thereof. 

[0037] Preferably, the ?rst and second light sources emit 
the ?rst and second irradiation lights from a predetermined 
area toWard the surface of the inspection object, With a 
certain degree of incident angle. The imaging apparatus 
receives the regular re?ection on the surface of the inspec 
tion object, in an opening area having a predetermined siZe. 
[0038] “A predetermined area” means that the ?rst and 
second light sources are not point light sources but ranges of 
a certain siZe for irradiating light. “With a certain degree of 
incident angle” includes a case that a diffuse light is emitted 
from an arbitrary place Within the predetermined area and a 
case that a divergent light and a convergent light are emitted. 
It means the light having a spread in an irradiation angle. In 
addition, it includes the light that spreads after collecting the 
light once, excluding a parallel light. Thus, it is possible to 
expand the area on the surface capable of receiving the 
regular re?ection light of the inspection object, namely the 
area that can be inspected. This is effective for expanding the 
inspection area even When the inspection object is the 
curved surface. 
[0039] An area having a predetermined siZe means the 
opening area having a limited siZe. When the imaging 
element itself has the limited siZe, the siZe of the opening 
area becomes limited. Also, by imaging through a light 
receiving lens, the siZe of the opening area becomes limited. 
With the structure described above, the spread of the irra 
diation light or propagation of the irradiation light on the 
edge part of the opening area is shield, and therefore light 
sensitivity of the peripheral part of the ?rst and second 
regular re?ection areas is sometimes deteriorated compared 
to the center part. Whether the defect is present or not is 
determined for the peripheral part having loW light receiving 
sensitivity, so that the ?rst regular re?ection area and the 
second regular re?ection area are superposed one another 
and the ?rst and second inspection images are superposed 
one another. Thus, a stable defect inspection is possible even 
in the area With loW sensitivity. 
[0040] Preferably, the main control part applies a bina 
riZation processing to each of the ?rst and second inspection 
images, prior to superposing the ?rst and second inspection 
images one another. 
[0041] More preferably, the main control part applies a 
labeling processing to a plurality of pixels included in a 
composite image produced by superposing the ?rst and 
second inspection images one another. When an area formed 
by a pixel With the same label out of the plurality of pixels 
in the composite image is greater than a predetermined 
value, the main control part determines that the defect is 
present in the area. 
[0042] Preferably, the ?rst and second irradiation lights 
are lights having mutually different characteristics. The main 
control part turns on the ?rst and second light sources 
simultaneously. The imaging apparatus separates regular 
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re?ection of the light that has been received in accordance 
With a difference of the characteristics, and generates the 
?rst and second inspection images respectively correspond 
ing to the ?rst and second irradiation lights. 

[0043] More preferably, the characteristic is a peak Wave 
length. 
[0044] Preferably, the main control part turns on the ?rst 
and second light sources sequentially. 

[0045] According to another aspect of the present inven 
tion, there is provided a defect inspection method for irra 
diating light to an inspection object having a surface With 
gloss and inspecting Whether a defect is present or not on the 
surface of the inspection object by receiving re?ection of the 
irradiated light With an imaging apparatus. The defect 
inspection method includes the steps of: emitting ?rst irra 
diation light With a ?rst light source so that regular re?ection 
of the ?rst irradiation light on the surface of the inspection 
object is received by the imaging apparatus, and emitting 
second irradiation light at an angle different from that of the 
?rst irradiation light With a second light source so that 
regular re?ection of the second irradiation light on the 
surface of the inspection object is received by the imaging 
apparatus. In the step of emitting irradiation lights, the ?rst 
and second irradiation lights are emitted, so that a ?rst 
regular re?ection area and a second regular re?ection area 
are superposed one another, the ?rst regular re?ection area 
being a range on the surface of the inspection object Where 
the imaging apparatus can receive regular re?ection of the 
?rst irradiation light on the surface of the inspection object, 
and a second regular re?ection area being a range on the 
surface of the inspection object Where the imaging apparatus 
can receive regular re?ection of the second irradiation light 
on the surface of the inspection object. The defect inspection 
method further includes the steps of: receiving the regular 
re?ection of the ?rst irradiation light on the surface of the 
inspection object and imaging the surface of the inspection 
object to generate a ?rst inspection image; and receiving the 
regular re?ection of the second irradiation light on the 
surface of the inspection object and imaging the surface of 
the inspection object to generate the second inspection 
image; and superposing the ?rst and second inspection 
images one another and determining Whether a defect is 
present or not on the surface of the inspection object, the 
defect appearing as either convex or concave With respect to 
a periphery thereof. 

[0046] Preferably, the ?rst and second light sources emit 
the ?rst and second irradiation lights from a predetermined 
area toWard the surface of the inspection object, With a 
certain degree of incident angle. The imaging apparatus 
receives the regular re?ection on the surface of the inspec 
tion object, in an opening area having a predetermined siZe. 

[0047] “A predetermined area” means that the ?rst and 
second light sources are not point light sources but ranges of 
a certain siZe for irradiating light. “With a certain degree of 
incident angle” includes a case that a diffuse light is emitted 
from an arbitrary place Within the predetermined area and a 
case that a divergent light and a convergent light are emitted. 
It means the light having a spread in an irradiation angle. In 
addition, it includes the light that spreads after collecting the 
light once, excluding a parallel light. Thus, it is possible to 
expand the area on the surface capable of receiving the 
regular re?ection light of the inspection object, namely the 
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area that can be inspected. This is effective for expanding the 
inspection area even When the inspection object is the 
curved surface. 
[0048] An area having a predetermined siZe means the 
opening area having a limited siZe. When the imaging 
element itself has the limited siZe, the siZe of the opening 
area becomes limited. Also, by imaging through a light 
receiving lens, the siZe of the opening area becomes limited. 
With the structure described above, the spread of the irra 
diation light or propagation of the irradiation light on the 
edge part of the opening area is shield, and therefore light 
sensitivity of the peripheral part of the ?rst and second 
regular re?ection areas is sometimes deteriorated compared 
to the center part. Whether the defect is present or not is 
determined for the peripheral part having loW light receiving 
sensitivity, so that the ?rst regular re?ection area and the 
second regular re?ection area are superposed one another 
and the ?rst and second inspection images are superposed 
one another. Thus, a stable defect inspection is possible even 
in the area With loW sensitivity. 
[0049] Preferably, prior to the step of determining, the step 
of applying a binariZing processing to each of the ?rst and 
second inspection images prior to the step of determining the 
presence/absence of the defect. 
[0050] More preferably, in the step of determining the 
presence/absence of the defect, a labeling processing is 
applied to a plurality of pixels included in a composite image 
produced by superposing the ?rst and second inspection 
images one another, and When an area formed by a pixel 
added With the same label out of the plurality of pixels in the 
composite image is greater than a predetermined value, it is 
determined that the defect is present in the area. 
[0051] Preferably, the ?rst and second irradiation lights 
are lights having mutually different characteristics. In the 
step of emitting irradiation lights, the ?rst and second light 
sources are turned on simultaneously. In the step of gener 
ating the inspection images, regular re?ection of the lights 
that has been received by the imaging apparatus is separated 
in accordance With a difference of the characteristics, and the 
?rst and second inspection images respectively correspond 
ing to each of the ?rst and second irradiation lights are 
generated. 
[0052] More preferably, the characteristic is a peak Wave 
length. 
[0053] Preferably, in the step of emitting the irradiation 
lights, the ?rst and second light sources are turned on 
sequentially. 
[0054] According to the present invention, a full range of 
the inspection area can be subjected to the defect inspection 
With accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] FIG. 1 shoWs a vieW shoWing a basic structure of 
a defect inspection apparatus of a ?rst embodiment; 
[0056] FIG. 2 shoWs a vieW further explaining an arrange 
ment of light sources 1A and 1B of FIG. 1 in detail; 
[0057] FIG. 3 shoWs a vieW further explaining in detail a 
structure of a main control part 3 of FIG. 1; 
[0058] FIG. 4 shoWs a ?oWchart shoWing a ?oW of an 
inspection processing executed by the main control part 3 of 
FIG. 2; 
[0059] FIG. 5 shoWs a ?rst vieW explaining an advantage 
of the defect inspection apparatus of the embodiment 1; 
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[0060] FIG. 6 shoWs a second vieW explaining the advan 
tage of the defect inspection apparatus of the embodiment l; 
[0061] FIG. 7 shoWs a vieW explaining an inspection area 
by the defect inspection apparatus of the embodiment l; 
[0062] FIG. 8 shoWs a vieW explaining a result of inspect 
ing the inspection area shoWn in FIG. 7 by the defect 
inspection apparatus of the embodiment l; 
[0063] FIG. 9 shoWs a ?oWchart shoWing the ?oW of 
inspection processing in the defect inspection apparatus of 
an embodiment 2; 
[0064] FIG. 10 shoWs a schematic vieW shoWing a struc 
ture of a conventional defect inspection apparatus; 
[0065] FIG. 11 shoWs a vieW schematically shoWing an 
inspection of irregularity defects by a main control part 113 
of FIG. 10; 
[0066] FIG. 12 shoWs a vieW explaining a problem gen 
erated in the inspection by the defect inspection apparatus 
110 of FIG. 10, When an inspected surface is a curved 
surface; 
[0067] FIG. 13 shoWs a vieW explaining a method of 
securing a Wide inspection area When the inspected surface 
is the curved surface; 
[0068] FIG. 14 shoWs a vieW explaining the problem of an 
inspection method disclosed in Japanese Patent Application 
Laid Open No. 11-23243; 
[0069] FIG. 15 shoWs a vieW explaining a defect detection 
on an edge part of an inspection area; and 
[0070] FIG. 16 shoWs a vieW explaining light received by 
an imaging apparatus When the inspected surface of a Work 
is a ?at surface. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0071] Preferred embodiments of the present invention 
Will be explained With reference to the draWings. Note that 
the same signs and numerals are assigned to the same or 
corresponding parts in the ?gure. 

Embodiment 1 

[0072] FIG. 1 shoWs a vieW shoWing a basic structure of 
a defect inspection apparatus of an embodiment l. 
[0073] In FIG. 1, a defect inspection apparatus 100 
inspects Whether a defect is present on a glossy surface of a 
Work W (inspection object). Note that the defect means an 
irregularity defect (defect in an appearance of a convex 
shape or a concave shape compared to a periphery). 
[0074] The Work W is a metal or a resin coated With a 
transparent material on its surface. Note that in FIG. 1, the 
surface of the Work W (inspected surface A) is a curved 
surface. HoWever, the surface of the Work W may be a ?at 
surface. 
[0075] The defect inspection apparatus 100 includes a 
plurality of light sources 1A, 1B, an imaging apparatus 2, 
and a main control part 3. 
[0076] The light source 1A emits irradiation light LA1 
toWard the inspected surface A. Therefore, an irradiation 
area A1 is formed on the inspected surface A. The irradiation 
light LA1 is regularly re?ected on the inspected surface A. 
Thus, a regular re?ection light LA2 is generated. 
[0077] The light source 1B emits irradiation light LB1 
toWard the inspected surface A. Therefore, an irradiation 
area A2 is formed on the inspected surface A. The irradiation 
area A2 is formed so as to be superposed on at least an edge 
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part of the irradiation area A1. The irradiation light LB1 is 
regularly re?ected on the inspected area A. Thus, the regular 
re?ection light LB2 is generated. Note that the irradiation 
areas A1 and A2 are the inspection areas in the defect 
inspection apparatus 100. 
[0078] Namely, the light source 1A emits the irradiation 
light LA1 so that the light regularly re?ected on the 
inspected surface A (regular re?ection light LA2) is received 
by the imaging apparatus 2. The light source 1B emits the 
irradiation light LB1 so that the light regularly re?ected by 
the inspected surface A (regular re?ection light LB2) is 
received by the imaging apparatus 2. The light source 1B 
emits the irradiation light LB1 at an angle different from that 
of the irradiation light LA1. Light sources 1A and 1B emit 
the irradiation lights LA1 and LB1 respectively, so that a 
?rst regular re?ection area (irradiation area A1), being a 
range Where the imaging apparatus 2 can receive a light of 
the regular re?ection light of the irradiation light LA1 on the 
inspected surface A, and a second regular re?ection area 
(irradiation area A2) Where the imaging apparatus 2 can 
receive the regular re?ection light of the irradiation light 
LB2 on the inspected surface A, are superposed one another. 
Positions of the light sources 1A and 1B are relatively 
de?ned. 
[0079] The irradiation lights LA1 and LB1 are the lights 
having “different characteristics”, and speci?cally the lights 
having different peak Wavelengths (namely, having different 
colors). The regular re?ection lights LA2 and LB2 are made 
incident on the imaging apparatus 2. For example, the light 
source 1A is the light source for emitting red color light, and 
the light source 1B is the light source for emitting blue color 
light. For example, both of the light sources 1A and 1B have 
a plurality of numbers of LEDs. 
[0080] The imaging apparatus 2 collects the regular re?ec 
tion lights LA2 and LB2, images the inspected surface A in 
accordance With the received regular re?ection light LA2, 
thereby generating an inspection image PA, and imaging the 
inspected surface A in accordance With the received regular 
re?ection light LAB, thereby generating an inspection image 
PB. The imaging apparatus 2 generates the inspection 
images PA and PB corresponding to each of the irradiation 
lights LA1 and LB1, in accordance With a difference of 
characteristics (namely, peak Wavelength) of the regular 
re?ection lights LA2 and LB2. 
[0081] More speci?cally, the imaging apparatus 2 is a 
color image imaging apparatus (color camera). Generally, by 
providing the color camera, a color ?lter, and a prism, etc, 
color separation can be applied to incident light into blue 
color, red color, and green color. Thus, the imaging appa 
ratus 2 can output an image of red color and an image of blue 
color. 
[0082] The main control part 3 controls the light sources 
1A and 1B, so that the light sources 1A and 1B are turned 
on simultaneously. Also, the main control part 3 receives 
tWo inspection images PA and PB from the imaging appa 
ratus 2. The main control part 3 determines Whether the 
defect is present on the inspected surface A by superposing 
the inspection images PA and PB one another. 
[0083] The main control part 3 includes a light source 
control part 35 and a defect recognition part 30. The light 
source control part 35 controls a timing of tuming-on and 
turning-off of the light sources 1A and 1B, and adjusts a 
quantity of light of each light source. When there are a 
predetermined value or more of areas different from the 
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periphery In the composite image obtained by superposing 
tWo inspection images received from the imaging apparatus 
2, the defect recognition part 30 recogniZes these areas to be 
the defect on the inspected surface A. 
[0084] In this Way, the light sources 1A and 1B emit the 
irradiation lights LA1 and LB1 respectively, so that the edge 
parts of the inspection areas (irradiation areas) are super 
posed one another. The imaging apparatus 2 receives the 
regular re?ection lights LA2 and LB2, and generates tWo 
images corresponding to each of the light sources 1A and 
1B. The main control part 3 combines the tWo images and 
determines Whether the defect is present or not. By irradi 
ating the inspected surface A With the irradiation lights LA1 
and LB1 from mutually different directions, a position of the 
area shoWing the defect in each image is slightly deviated in 
each image. Therefore, even if the area shoWing the defect 
is small in each image, by superposing the tWo images one 
another, the area shoWing a defect part in the image after 
composition is made large. Thus, the accuracy of defect 
detection on the edge part of the inspection area can be 
improved. 
[0085] Note that in FIG. 1, the light sources 1A and 1B are 
shoWn as a plurality of light sources. HoWever, at least tWo 
light sources may only be provided in the defect inspection 
apparatus of the present invention. 
[0086] Next, an arrangement of the light sources 1A and 
1B Will be explained in detail. 
[0087] FIG. 2 shoWs a vieW explaining the arrangement of 
the light sources 1A and 1B of FIG. 1 in detail. In FIG. 2, 
the light source 1A is a plate type light source, and the light 
source 1B is a ring type light source. In addition, the imaging 
apparatus 2 focuses the light on a certain point P on the 
inspected surface A. The light sources 1A and 1B emit the 
irradiation lights LA1 and LB1 respectively from a light 
emission area having a limited siZe, With a certain degree of 
the incident angle. In addition, the imaging apparatus 21 
receives the regular re?ection light in the opening area (lens 
21) having a predetermined siZe. 
[0088] The light made incident on the lens 21 of the 
imaging apparatus 2 forms an image at the pixel PX1 on an 
imaging element 22. When the inspected surface A is vieWed 
from an image forming point (the pixel PX1), all regular 
re?ection lights emitted on the point P on the inspected 
surface A form the image on the pixel PX1, When an 
irradiation surface of the light source 1A and an irradiation 
surface of the light source 1B are included in a visual ?eld 
F of the pixel PX1 (When the irradiation lights LA1 and LB1 
pass through the visual ?eld F). Namely, by arranging the 
light sources 1A and 1B so that both irradiation surfaces of 
the light sources 1A and 1B are included in a “visual ?eld at 
the image forming point (the pixel PX1)”, both regular 
re?ection lights of the light sources 1A and 1B regularly 
re?ected at the point P can be imaged by the pixel PX1. 
[0089] The imaging apparatus 2 is disposed, With an 
optical axis directed upWard of the Work W in a vertical 
direction. A half mirror 4 is provided on the optical axis of 
the imaging apparatus 2. The light source 1A is provided on 
the side of the half mirror 4. The regular re?ection light from 
the inspected surface A passes through the half mirror 4 and 
is made incident on the imaging apparatus 2. 
[0090] FIG. 3 shoWs a vieW explaining in detail the 
structure of the main control part 3 of FIG. 1. 
[0091] In FIG. 3, the main control part 3 includes a CPU 
(Central Processing Unit) 31, a memory 32, an input part 33, 










